Jembrana disease is an acute infectious disease of unknown etiology enzootic among Bali cattle (Bas javanicus) in Indonesia. Morphologic examination of 75 female Bali cattle between 18 months and 4 years old affected with Jembrana disease consistently revealed pulmonary granulomatous vascular lesions. The lesions were diffusely distributed throughout the lung. The principal lesion was the presence of a large number of intravascular macrophages that filled the lumina of pulmonary veins and pulmonary arteries of a vascular diameter of 20-200 pm, excluding the rest of blood cellular components. Concentric layers of perithelial cells also with plasma cells and macrophages were occasionally present around both veins and arteries. Infiltration of polymorphonuclear leukocytes or small lymphocytes was not seen. Destruction or necrosis of tissues or blood vessels was rarely seen. Because this vascular lesion was found in the lungs of all affected cattle examined, this change is useful for the postmortem diagnosis of Jembrana disease. Moreover, its presence could be used to distinguish Jembrana disease from malignant catarrhal fever and other lymphoreticular proliferative conditions that are frequently found among cattle in Indonesia.
Jembrana disease is an enzootic disease of Bali cattle (Bos javanicus) on the Island of Bali, Indonesia. The major clinical symptoms are high fever (542 C), anorexia, nasal discharge, anemia, generalized lymphadenopathy, and diarrhea (often hemorrhagic). After it was first recognized as a new disease syndrome in Bali in December 1964, it quickly spread throughout the island. The first outbreak occurred in Jembrana County, hence the name Jembrana disease. Within 3 years an estimated 60,000 head of cattle had died. ' Adiwinata described the epidemiology and pathology of the first outbreak and suggested that the disease resembled Rinderpest.' Pranoto and Pudjiastono supported these o b~e m a t i o n~.~ The histopathologic findings of Ishitani,' however, showed it as different from any known documented bovine disease syndrome. Rinderpest was excluded by Scott based on the clinical signs and pathologic findingsL2 The two latter reports were in agreement with the findings of Budiarso and Hardjosworo. 6 The disease can be easily transmitted to susceptible Bali cattle by the inoculation of blood, spleen, or lymph node material from affected ~a t t l e .~. '~ Various other infectious agents have been proposed as the cause of Jembrana disease; however, the etiology of the disease and the mode of transmission in nature are as yet unknown. The general pathologic findings, especially of the lymphoid organs and digestive system, have been d e~c r i b e d , '~~~~~~~~~~~~ although a description of the specific alterations in the vascular system of the lungs is lacking. In this report, we describe the light microscopic alterations and ultrastructural features of lesions in the vascular system of the lungs of cattle with Jembrana disease.
Materials and Methods
Lung tissues used in this study were obtained at necropsy from 75 cattle with classical field cases of Jembrana disease. All of the animals were females between 18 months and 4 years of age. Fifteen cows from Tabanan County were necropsied between 1972 and 1973. The other 60 cows were from Jembrana and Tabanan counties and were necropsied between 1983 and 1985. Tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, cut at 6 pm, and stained routinely with hematoxylin and eosin.
Electron microscopic examination was performed as previously described." Briefly, formalin-fixed lung tissues obtained from five cattle with Jembrana disease were transferred into a mixture of 2.5% paraformaldehyde, 5% glutaraldehyde, and 0.03% trinitrophenol in 0.1 M cacodylate buffer (pH 7.4) and post-fixed in 1% osmium tetroxide in 1 Soh potassium ferrocyanide. After being block stained in 1% uranyl acetate in maleate buffer (pH 5.2), tissues were dehydrated in a series ofgraded ethanols and propylene oxide and embedded in Poly/Bed 8 12 (Polysciences, Inc., Warrington, PA). Thick sections (1 pm) were cut and stained with toluidine blue. Thin sections (60-90 nm) were cut from selected blocks and stained with uranyl acetate and lead citrate and examined with a Philips EM 300 electron microscope. 
Results

Histopathologic findings
Widespread granulomatous vascular lesions were found in the lungs of all of the 75 cows necropsied. The lesions were diffusely distributed throughout the lung tissue ( Fig. 1 ). As described by Alexander and Jenson,2 pulmonary arteries closely followed the distribution of the air passages to the level of the terminal bronchioles. A distinct tunica media was present in arteries with an approximate vascular diameter 220 pm ( Fig. 2B ). There were no abrupt disruptions in the tunica media. On the contrary, within the pulmonary lobule, veins were less closely related to the ramification of the air passages than were arteries. The most conspicuous and unique feature of the bovine pulmonary vein is that the tunica media is composed of a heavy muscular coat that starts in veins of a vascular diameter of approximately 20 pm and extends up to the main pulmonary trunk. The tunica media of veins less than approximately 300-400 pm in diameter was characterized by abrupt disruptions of continuity; therefore, in transverse sections, the lumina of some of the smaller pulmonary veins appeared to be almost occluded by these muscular masses ( Fig. 2) . At the site of discontinuity of the tunica media, the endothelium was in contact with the external elastic lamina with no intervening muscle (Fig. 2) . The principal microscopic lesion was the presence of a large number of intravascular macrophages that filled veins and arteries with a vascular diameter of 20-200 pm but not the larger blood vessels ( Figs. 1-3 ). Polymorphonuclear leukocytes and lymphocytes were absent, and a few red blood cells were present among macrophages (Figs. 2,3 ). This tightly packed cellular mass appeared to almost occlude the lumina of smaller vessels ( Figs. 1-3 ). Proliferating perithelial cells, with mitotic figures, occasionally formed stratified layers around the vessels and appeared as concentric rings or "onion sheets" (Figs.  1, 2) . Plasma cells and macrophages but not granulocytes were identified among perithelial cells. These cells were occasionally present around both veins (Fig. 2) and arteries. In emphysematous lung tissues, penthe-Vet Pathol 29:3, 1992 Fig. 2 . Cross section of a pulmonary vein with endothelium and concentric smooth muscle bundles in the tunica media on one-half of the vessel and with endothelium and external 'elastic membrane on the other half; cow. The lumen is filled with intravascular macrophages and a few red blood cells (arrows). Elastic externa is more extensive and concentric cellular accumulation is seen external to the elastic lamina. Note smaller venule packed with intravascular macrophages (arrowhead). Plastic embedment, 1-pm section, toluidine blue stain. Bar = 20 pm. Fig. 3 . Longitudinal section of a pulmonary artery; cow. Note large number of intravascular macrophages and continuous layer of smooth muscle cells in the tunica media. Very few red blood cells (arrows) and no granulocytes are seen in the lumen. Plastic embedment, 1-pm section, toluidine blue stain. Bar = 10 pm. lial cell accumulation appeared to be the dominant blood vessels had a morphologic appearance compatfeature; in the atelectatic areas, congestion of veins and ible with that of pulmonary intravascular macroarteries with intravascular macrophages appeared to phages.I4 The nuclei were large and round to oval with be the predominant feature. a dense chromatin layer on the inner membrane and large nucleoli. Plump cytoplasm varied from cell to cell but, in general, contained rough endoplasmic re-
Transmission electron microscopic findings
By transmission electron microscopic examination, ticulum, mitochondria, and free ribosomes (Fig. 4) . characteristic of intravascular macrophagesL4 were seen in some cells, but no Weibel-Palade bodies characteristic of endothelial cells were evident in these cells. Toward the center of the lumen of the blood vessels, the cells became progressively differentiated and formed more pseudopodia of various sizes and larger cytoplasmic volume with more rough endoplasmic reticulum. At the center of the lumen of the blood vessels, these cells were disintegrating with formation of irregular cytoplasmic blebs. These cells appeared to be tightly adherent to each other and to endothelial cells. Smooth muscle cells in the media appeared normal, containing typical muscle fibers but no lipid droplets or debris (Fig. 4) . Although granular inclusionlike structures were occasionally seen in the intravascular macrophages by light microscopic examination, no viral particles or bacteria were evident in these specimens. The cells around blood vessels included plasmablasts that had moderately developed rough endoplasmic reticulum, "cartwheel"-appearing nuclei with large nucleoli (Fig.  5) , macrophages, mast cells, and fibroblasts.
the majority of the cells in the lumen of the pulmonary Tubular structures of micropinocytosis vermiformis
Discussion
Jembrana disease is still an enigma in Indonesia. There is no specific diagnostic method, treatment, or preventive measure for this disease. The objective of this paper is to aid postmortem diagnosis of Jembrana disease by describing a unique lesion found in the lungs of cattle naturally affected with the disease.
It is important to note that tissues obtained from these 75 field cases with classical clinical signs, epizootiology, and pathologic features consistently had a single unique characteristic and specific pulmonary vascular alteration that was not found in any other documented bovine disease.
Our electron microscopic study revealed micropinocytosis vermiformis in the cytoplasm of the cells that filled the lumina of pulmonary veins and arteries. Micropinocytosis vermiformis is a characteristic structure in intravascular macrophages of cattle14 and is not found in endothelial cells. Thus, the cells were most likely intravascular macrophages rather than proliferating endothelial cells.
Normally, differentiated macrophages occur in tissue, and monocytes are seen only in blood; however, a variety of domestic animal species, including cattle, have differentiated resident macrophages within the pulmonary vasculature under normal conditions.I4 They are closely associated and sometimes joined by intercellular junctions to capillary endothelium, and morphologically and functionally they resemble Kupffer cells in hepatic sinusoid~.'~ Intravascular macrophages are found in the pulmonary vasculature of the cow and several other animal species and perform major functions in blood clearance of bacteria and particulates in these species.14 In the pig, intravascular macrophages in the pulmonary capillaries are derived from blood monocytes. 15 Intravascular macrophages found in this study are differentiated from normal intravascular macrophages because the latter are not seen in larger blood vessels in the normal lung.14 The presence of a large number of intravascular macrophages in pulmonary veins and arteries suggests that the etiologic agent of Jembrana disease could be stimulating blood monocytes. No agents or conditions are known to cause such conspicuous changes in pulmonary intravascular macrophages.I4 For example, the response of these cells to the pulmonary pathogen Haemophilus pleuropneumo-niae3 is limited to a moderate change in the number of intravascular macrophages present in the capillaries in the lungs of pigs.
Grossly, the lungs of cattle with Jembrana disease almost always have a normal appearance, and, if lesions are observed, they are not striking. Generalized emphysema with a few patchy individual lobules that were dark brown and atelectatic was noted. In a few cases, patchy hemorrhages and infarctions also occurred. Because the lung is the most normal and is least affected in Jembrana disease, it is not surprising that the vascular lesions of this organ have been overlooked by most investigators. On the contrary, in other tissues, such as the digestive tract and lymphoid organs, hemorrhages and inflammatory cell infiltration and proliferation were so extensive that vascular changes probably became obscure. Teuscher et al.13 and Budiarso4 described the proliferative changes and thrombosis in the blood vessels in the integument, abomasum, duodenum, liver, and lung; however, they did not elaborate further. Thus, similar lesions may exist in other organs. Because the lung is relatively intact in Jembrana disease, the vascular lesions were easily found and their presence could be used to differentiate Jembrana disease and malignant catarrhal fever, which is also common among cattle in Indonesia.
